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Lysozyme has been observed in intraluminal secretory 
products of apocrine glands in specimens of normal hu-
man axillary skin. Lysozyme was also observed in an 
occasional apocrine secretory cell, as well as in leuko-
cytes within vascular lumina and dermal histiocytes. 
Lysozyme was not observed in sebaceous glands, eccrine 
glands, or cells of the epidermis. These observations 
support an epithelial origin of cutaneous lysozyme and 
suggest a means of further characterization of the origin 
and/or differentiation of tumors of appendageal origin. 
Lysozyme was first described by Sir Alexander Fleming as 
" . .. a remarkable bacteriolytic element found in tissues and 
secretions" [1]. Lysozyme is rath er ubiquitous in its distribu-
tion in the human body, being present in secretions such as 
tears and saliva as well as in many tissues. It has been observed 
in glandular structures thrbughout the body. These include 
lacrimal glands, minor salivary glands, serous secretory units of 
epiglottal, tracheal and bronchial glands, secretory cells in the 
middle ear and the lactating breast [2-7]. Lysozyme has also 
been detected in gastric glands, within Brunner's glands in the 
duodenum, and secretory granules of Paneth cells of the small 
intestine [3,4,5,7,8-10]. Although reported in homogenates of 
mouse and human skin [11], and with human epidermis [12], 
lysozyme has not previously been reported in sweat, sweat 
glands, or sebaceous glands in human skin [1,3,4]. 
Considering the similarities between axillary apocrine glands 
and other apocrine structUl'es, such as lactating breast [4,13], 
which are known to possess lysozymic activity; it would seem 
likely that there might be lysozyme activity present in the 
apocrine glands of humans. If present, there is a potential of 
helping to differentiate proliferative processes involving apo-
crine a nd eccrine glands. 
MATERIALS AND METHODS 
Tissue Preparation 
Seven specimens (approximately 2 by 0.3 cm ellipses) of human 
axillary skin were obtained at necropsy (patient age 34 to 81 yr old). All 
specimens were obtained within 10 hI' postmortem. Immediately after 
sampling, vertical 1-2 mm skin slices were cut with a razor blade. The 
skin slices were fixed in Zamboni's picric acid-formaldehyde fixa tive 
[14], 6 specimens for 1 to 2 hI', and 1 specimen for 24 hI', washed for 1 
hI' in phosphate-buffered saline (PBS) and dehydJ'ated in a graded 
ethanol series and paraffin-embedded. Four to 6 micrometer sections 
were cut and mounted on albuminizerl glass slides for immunoperoxi-
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dase staining. Hepresentative sections of each specimen were stained 
for 1 min in 1% nuclear fast red (Matheson, Coleman and Bell, Norwood, 
Ohio) and examined light microscopically. 
lmnwnoperoxidase Lysozyme Assay 
Four to 6 micrometer sections were deparaffinized, hydJ'ated to 
distilled water and immunohistochemically stained for the presence of 
lysozyme utilizing a modification of the soluble peroxidase-anti-perox-
idase method developed by Sternberger et al [15]. Commercially 
available antisera were employed throughout the investigation. Sec-
tions were treated with 1% hydJ'ogen peroxide in absolute methanol for 
30 min to inhibit endogenous peroxidase and red cell pseudoperoxidase 
activity. The sections were then treated with 0.75% human albumin 
(Calbiochem Behring Corp. La Jolla, CAl in 0.05 M Tris-buffered saline 
(TBS) for 10 min to inhibit the nonspecific binding of the antisera to 
the tissue sections. They were then incubated for 18 to 24 h.r at 4 cC. in 
a 1:500 dilution of rabbit anti-human lysozyme (Accurate Chemical and 
Scientific Co., Hicksville, NY). It was previously determined by incu-
bation in serial dilutions of the primary an tiserum (rabbit anti- human 
lysozyme) that this dilution was the highest that exhibi ted optimal 
staining characteristics in this laboratory. The slides were allowed to 
come to room temperature before proceeding with the remainder of 
the procedure. 
The slides were washed thoroughly with TBS, followed by incubation 
for 30 min in goat anti-rabbit IgG (Polysciences, Inc. Warrington, PAl 
diluted 1:20 in TBS. This was followed by another thorough washing 
and then incubation for 30 min in PAP (soluble peroxidase·rabbit anti-
peroxidase complexes) (Accurate Chemical and Scientific Corp., Hicks-
ville, NY) diluted 1:50 in TBS. The presence of peroxidase activiLy was 
determined by incubating the sections for 5 min in 0.025% 3,3'-diami-
nobenzidine tetrahydrochloride (Polysciences, Inc. Warrington, PAl 
and 0.01% hydJ'ogen peroxide in 0.05 M Tris buffer, pH 7.6. This is a 
slight modification of the method for detection of peroxidase activity 
first introduced by Graham and Karnovsky. The sections, after washing 
in distilled water, were counterstained in 1% nuclear fast red, dehy-
dl'ated, and coverslipped. 
lnununoperoxidase Controls 
Lysozyme is normally found in the secretory granules of Paneth cells 
[3,8]; therefore sections of human small intestine were used as a control 
of the method and to establish the optimum dilution of the primary 
antiserum to be used. 
Control slides were run testing each step in the method utilized. 
These controls involved the replacement of each antiserum or reagent 
in the staining sequence with diluent (Table) . As a control of the 
specificity of the lysozyme localization, sections were incubated in a 
1:500 dilution of normal rabbit serum (Polysciences, Inc. Warrington, 
P A) in place of the rabbit anti-human lysozyme. 
RESULTS 
In the sections of skin, positive staining for lysozyme was 
observed in the secretory m aterial found within the lumina of 
distended apocrine glands (Figs 1 and 2) . This staining was seen 
in approximately 60-70% of apocrine glands observed. In addi-
tion, positive staining was observed in an occasional apocrine 
luminal secretory cell (Fig 3), a nd a few of the secretory cells 
that ha d been sloughed into glandular lumina. Positive staining 
was also observed in polymorphonuclear leukocytes and mono-
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TABLE I. Substitution sequence of reagents lIsed to establish 
stain ing sp ecificity 
Slide No. Primary anti- Link antise ru m serum 




3 - r G-AR 
4 R -AHL 





10 R-AHL G-AR 
" Rabbit ant i-hu man lysozyme. 
h Normal rabbit serum. 
C Goat anti-rabbit IgG (H & L cha ins). 


















" Soluble complex of horseradish peroxidase-rabbit anti-peroxidase. 
" 3,3'-diaminobenzidine tetrahydrochloride. 
r Diluenl (1% normal goat serum in 0.05 M . T ris buffered saline). 
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F IG 1. Immunohistochemical localization of lysozyme in in tralumi-









. F IG 2. Positively sta ined secretory materia l within an apocrine glr .Id 
(arrow) adjacent to a gland that is negative (scale bar = 0. 1 mm). 
,., 
cytes within vascular cha!1nels. An occasiona l wandering histio-
cyte or macrop hage in the dermis Iikewi e stained positively. 
One specimen, which was left in fixative for 24 hr; exhibited no 
staining of the apocrine glands or their secretory material, and 
the in tensity of s taining in the leukocytes, which normally stain 
very intensely, appeared to be somewhat attenuated. 
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The sites that failed to stain for the presence of lysozyme 
were consistent with those already established to be negative 
[3,4,5,7]' The keratinocytes of the epidermis las well as the 
"clear" or dendritic cells showed no localization of lysozyme. 
Secretory cells of eccrine gLands and the majori ty of secreto ry 
cells in apocrine glands exhibited no such staining. The ductal 
Lining cells of both eccrine and apocrine ducts were negative. 
Sebaceous glands likewise exhibited no localization of lysozy me. 
In the control sections of human small intestine, the Paneth 
cell granules exhibited strongly positive staining for the pres-
ence of lysozym e (Fig 4). Acute inflammatory cells in the lamina 
propria and polymorphonuclear leukocytes and monocytes 
fo und within vascular lamina also exhibi ted positive staining 
for lysozyme. 
DISCUSSION 
This study demonstrates the presence of lysozyme in rare 
apocrine secretory cells and frequently in the secretory material 
contained within apocrine gland lumina. This is not entirely 
unexpected, since the presence of lysozyme has been established 
in other glandular structures [3,5,9], as well as glands of a 
modified apocrine natUl'e, including lactating breast [5,9]. These 
findings lend support to an epithelial origin [11,12] of some of 
the lysozym e found in skin. 
The fact that only a few of the periluminal secretory cells 
stain for the presence of lysozyme is not necessaJ'ily in contra-
FI G 3. Apocrine secretory cells (W,/,OW8 ) exhibiting posit ive staining 
for the presence of lysozyme (sca.le bar = 0.05 mm) . 
FIG 4. Immunohistochemical localization of lysozyme in Paneth cell 
granules and hematologic elements (w,/,ow) in human small intestine 
(scale ba./' = 0.05 mm) . 
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diction to those cells serving as a lysozyme source. In ul trastruc-
t ill'al itmnunocytochemical studies on the production of lyso-
zym e by Paneth cells of the small intestine (8), it was observed 
t h at the enzyme could be localized within the large secretory 
g ranules and in some, but not all , lysosomes. T here was no 
localization within the rough endoplasmic reticulum or Golgi 
a pparatus. T his lack of lysozyme staining in these areas was 
related either to a destruction of the antigenicity of the enzyme 
at these sites, low innate concentrati on of th e enzyme, or 
absence of ter tiary molecular structure conferring antigenicity 
to the molecule. It was suggested on the basis of those obser -
vations that antigenicity was acquired after the protein mole-
c ule had passed through the Golgi apparatus, therein attaining 
its tertiary structure. 
T here have been relatively few chemical analyses performed 
o n human apocrine secretions. T his was probably due to rela-
t ively small amounts of apocrine secretion produced [16]. T he 
c hemical analyses done t hus far have revealed the presence of 
protein, reducing sugars, and ammonia [17]. Further studies, 
both chemical and immunochemical, on apocrine secretions 
would determine whether lysozyme is present as a constituent 
of th e protein portion of apocrine secretions. 
The controls used in this investiga tion allowed the establish-
ment of the specificity of the staining reactions observed. It was 
n oted that t here was immunologically selective but nonspecific 
staining of elastic fibers in t he dermis. T his staining character-
istic was still present to some degree in the sections stained 
w ith normal rabbit serum in lieu of the rabbit anti-human 
lysozyme as well as the sections treated with diluent in place of 
t h e primary antiserum. Immunologically specific staining of 
l eukocytes and apocrine elements was observed only in those 
sections treated with rabbit anti- human lysozyme as the pri-
mary antiserum. 
The fixative used in this investigation was chosen based on 
its established effectiveness in antigen preservation for immu-
noperoxidase staining [18]. Erlandsen, Parsons and Taylor, in 
t heir immunocytochemical localization of lysozyme in Paneth 
cells of humans, reported the destruction of ant igenicity of 
Paneth cell lysozyme when tissues were fixed for prolonged 
periods of t ime in an aqueous glu taraldehyde solution [8]. It 
was noted in t his investigation t hat there was a decreased 
staining intensity in such elements as polym orphonuclear leu-
kocytes and a total ablation of staining of apocrine elements 
wh en one specimen was allowed to rema in in t he fixative for 24 
hI'. T his may likewise be due to a loss of antigenicity caused by 
prolonged fixation. 
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T he significance of the observation of lysozyme in human 
apocrine glands and secretions and not in eccr ine or sebaceous 
glands is based upon its possible use in the histochemical 
identification of the origin and/ or differentiation of tumors of 
appendageal origin in human skin. 
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T he Edi tor reports with a deep feeling of sorrow the death of Dr. Makoto Seiji on September 30, 1982. H is dedication to 
excellence in dermatologic research is an inspit'ation to his many friends throughout the world. 
